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Analytical  and  Computer-Aided  Models  of  InP-Based  MISFETs  and  Heterojunction  Devices* 


A-J.  Shey  and  WJL  Ku,  UCSD  and  L.  Mcssick,  NOSC 


Abstract 

'  The  superior  properties  of  InP  material,  eg.,  higher  peak  electron  drift  velocity,  thermal 
conductivity,  and  breakdown  field,  to  GaAs  have  made  it  an  attractive  alternative  for  high- 
performance  applications  in  microwave  and  millimeter-wave  regimes  as  well  as  high-speed 
digital  circuits.  Recently,  a  high-efficicocy  InP  MISFET  has  demonstrated  4.5  watts  output 
power  with  4  dB  gain  and  46%  power-added  efficiency  at  9.7  GHz  by  Mcssick  et  aL^~ These 
impressive  results  clearly  confirmed  the  promising  superior  performance  of  InP  MISFETs.^ 

~  The  main  concern  in  the  applications  of  H3-V  MISFETs  has  been  the  reliability  of  output 
characteristics  of  the  devices,  which  is  mainly  attributed  to  the  variations  of  interfacial  properties 
of  the  gate  dielectric  layer  and  the  underlying  semiconductor  active  layer.  The  task  of  modeling 
output  characteristics  of  HI-V  compound-based  MISFET  devices  has  become  more  complex  with 
the  possible  dominance  of  the  iraerfacial  properties  in  the  devices'  performance.  Much  more 
attention  should  be  paid  to  the  nonlinear  modulation  of  the  surface  potential  by  the  external  gate 
voltage  due  to  the  presence  of  an  excessive  amount  of  interfarial  states,  since  the  accompanying 
carrier  trapping,  scattering,  and  recombination  could  have  altered  completely  the  charge  control 
and  transport  mechanisms,  and  consequently  the  device  output  characteristics -  !  /  \ 

Because  of  these  factors,  we  have  developed  analytical  and  computer-aided  models  for 
depletion-mode  and  accumulation-mode  MISFETs  based  on  a  nonlinear  charge  control  model 
derived  from  semi-cmpirical  surface  potential  formulation,  which  can  provide  us  not  only  an 
accurate  description  of  the  drain  I-V  characteristics,  but  also  a  comprehensive  study  of  the 
influence  of  intexfacial  properties  on  the  output  performance  of  InP  MISFETs.  Key  aspects  of  the 
physics  of  this  device,  which  relate  to  charge  control,  carrier  trapping,  and  field-dependent 
mobility,  are  modeled  in  this  study. 

In  order  to  further  verify  the  calculated  results  and  predict  device  performance  in  the  sub¬ 
micron  gate-length  regime,  we  have  developed  a  general  finite-clement  two-dimensional 
semiconductor  device  simulation  program,  which  is  able  to  analyze  and  simulate  various  device 
structures  including  homo-  and  hetero-junctions  DI-V  compound  semiconductor-based  devices 
with  arbitrary  geometries.  Preliminary  simulation  results  of  a  1  pm  AlGaAs/GaAs  HEMT  device 
are  reported.  It  is  planned  to  extend  the  two-dimensional  model  to  submicron  InP  MISFETs. 
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Typical  Distribution  of  Interlace  State  Density  within  Energy  Band  Gap 
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Energy  band  diagram  of  an  n-type  InP  MIS  structure 


Charge  control  model 
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From  H.  Morkoc  el  al.  Solid  Slate  Technology,  31  (1900),  03. 


Modeled  Drain  I  -  V  Characteristics  by  Uniform  Interface  State  Distribution  Model 


Measured  da!a  from  L.  Messick  et  at.,  EDM  (1906)  767. 


Device  parameters  used  in  MISFET  models 
for  the  best  fit  to  the  measured  data 
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-dimensional  Simulation  of  HI— V  Compound  Semiconductor  Devices 
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